The possible use of cotton waste as a carbohydrate source of citric acid production by Aspergillus niger was examined. No citric acid was produced when A. niger was grown on cotton waste as a sole carbon source. In two-stage fermentations, however, mycelium obtained from surface cultures in cotton waste medium yielded more citric acid when transferred to sucrose-containing media than when directly inoculated to sucrose-containing media. It is concluded that cotton waste can be used for saving sucrose and for increasing yields of citric acid fermentation by A. niger.
Many strains of Aspergillus niger (van Tieghem) are well known for their capacity to produce citric acid under suitable conditions. The citric acid fernentation process has been extensively improved in industry since the 1920s (8) . By carefully selecting strains and improving conditions, 80 to 85% of the weight of the initial sugar substrate can be converted into citric acid. Yields of up to 95% have been reported, although such yields are rarely achieved under large-scale production conditions (L. B. Lockwood and M. A. Batti, U.S. patent 3,189,527, 15 June 1965). Some 90% of the acid produced can be recovered (7) .
The purpose of this investigation was to explore the possible use of agricultural, cellulosic wastes instead of, or in addition to, sugars for production of citric acid.
The fermentation process of citric acid is comprised of two successive stages: first, the growth phase of the mycelium; and second, the fermentation phase, the actual formation of the product (13 14 and 1% or a 2% (wt/vol) suspension of ground cotton waste. The sugar and salt solutions (each double strength) were autoclaved separately for 20 min at 1210C and then combined. The cotton waste suspension was autoclaved twice on two consecutive days.
Sporulation is regarded as detrimental to citric acid production (12) . To suppress sporulation in sucrosecontaining media, hydrochloric acid was added after sterilization to adjust the pH to 2.5 to 3.5. Lowering the pH in cotton waste suspensions proved to be ineffective. To prevent sporulation of A. niger on the cotton waste medium, 2.5% methanol (final concentration) was added (10, 11) . Slightly toxic concentrations of alcohols increase greatly the tolerance levels of manganese, iron, and zinc, which are more likely present in crude carbohydrate media than in synthetic media. The increased tolerance toward trace elements thus permits use of crude carbohydrate sources for citric acid production (3, 10, 11) . Stimulation of citric acid production by methanol in synthetic media, however, is doubtful, as it is affected by cultural conditions and especially by the fungus strain used (10) .
Chemical analysis of cotton waste. Cotton waste was supplied by the Cotton Mill South in Rehovot, Israel, during harvest time in the fall. The cellulosic waste, which contains leaves and stems in addition to short cotton fibers, was dried and ground to a fine powder in a plant mill.
Carbon and nitrogen contents of the cotton waste were 35.35 and 1.22%, respectively, as determined by the method of Allen (1) The culture liquid was filtered off, the mycelium was washed twice with distilled water, and the dry weight was determined. From the cotton waste suspension, the layer of mycelium on the surface was carefully collected with a sterilized inoculation loop. Transfer of precultivated mycelium was carried out by discarding the growth medium and adding 100 ml of sterile fermentation medium.
RESULTS
In the surface cultures the lag phase of growth and citric acid production lasted for 1 week. This was also reflected by the delay in sugar uptake (Fig. 1) allel. The mass of mycelium produced on the rich sucrose medium was, as expected, higher and faster than on the poor cotton waste suspension (Table 1) , but not so high that the waste material could not serve as a growth substrate.
The composition of the solid cotton waste in the suspension did not show significant differences in carbon and nitrogen contents with or without growth of A. niger, but there was a definite difference in reducing sugar contents of the liquid phase of the medium (Table 2 ). This suggested that the more easily available sugars can be consumed for mycelial production without the need of breaking down cellulose enzymatically.
As expected, A. niger grown on high sugar concentrations yielded higher amounts of citric acid than cultures on a medium containing low sucrose concentrations (Fig. 2a) . The fermentation efficiency, however, decreased with increasing sucrose concentrations (Table 3) . Fernentation efficiency was determined by dividing the amount of citric acid produced by the theoretical maximum amount of citric acid which could be produced from sucrose, i.e., 2 mol of citric acid per 1 mol of sucrose (9) .
Addition of sucrose up to the total concentration of 14% and further incubation of the flasks for another 6 days resulted in an increase of both mycelial growth and citric acid production (Fig.   2b ). At the same time more sugar was consumed. This suggested that citric acid production was directly correlated to the amount of mycelium.
Mycelium which had been grown on cotton waste as the only carbohydrate source did not produce titratable acid. After transfer of the mycelium into 14% sucrose medium, however, 'I fer to the fresh medium (Fig. 3 , Table 4 ). DISCUSSION Although A. niger does not ferment cotton waste to citric acid, this waste product can well serve as a potential carbon and energy source for growth. The sugars, which are readily solu-0.7 bilized by mild hydrolysis (in our case by auto-/ 0.6 claving the cotton waste suspension), proved to be sufficient to yield mycelial growth. The solid _0.5 mass of cotton waste, mainly cellulose and lignin, remained unchanged. _ 0. 4 As the enzymes for citric acid production are I constitutive in A. niger (7) Our results show a direct correlation between the amount of mycelium (dry weight) and citric acid production in sucrose fermentation medium as well as in a two-stage fermentation procedure.
The maintenance of a miniimum of trace elements (6, 14) and of a low pH are very important for successful citric acid fermentation (7, 13) . Before inoculation, therefore, the fermentation medium was acidified to pH 2.5 to 3.5. Vergnaud and Niquet (P. Vergnaud and R. Niquet, U.S. patent 2,883,329, 21 April 1959) developed a twostage fermentation process, in which the pH of the growth medium was above pH 3. By adding sugar to the same broth sample, the pH decreased to 3 or below due to acid production. The fermentation medium was then withdrawn and replaced by an equal amount of sugar solution, at which stage all of the extra sugar supplied was converted into citric acid.
A similar procedure was followed in our experiments with low concentrations of sucrose or cotton waste suspension as a growth medium and 14% sucrose medium for the fermentation phase. In this work, citric acid fermentation was negligible in the growth medium, but mycelium did grow, especially on cotton waste. The sucrose in the fermentation medium was thus saved for production of citric acid.
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